This study augments the traditional linear cobweb model with lower and upper bounds for variations of output. Its purpose is to detect the relationship between the output constraints and the dynamics of the modified model. Due to the upper and lower bounds, a transitional function takes on a tilted z-profile having three piecewise segments with two turning points. It prevents the price (or quantity) dynamics from explosive oscillations.
Introduction
This study investigates the traditional cobweb model with upper and lower bounds for output variations.
Its purpose is to consider implications of the quantity constraints on dynamic behavior of the agricultural economy. The traditional cobweb model, which has naive expectations and linear demand and supply curves, can produce only three types of dynamics: convergence to an equilibrium, convergence to period-2 cycles or divergence. None of these types, however, is satisfactory to explain observed irregular fluctuations of the agricultural goods. Neither the first type nor the third is consistent with observed ups and downs in real economic data, and the second, which implies persistent oscillations in price and quantity, depends on the unrealistic and shaky condition (i.e., supply and demand have exactly the same elasticity).
To overcome those limitations, the traditional cobweb model has been modified to produce more realistic dynamics with the help of new developments in non-linear economic dynamics.
Modifications fall into two groups. In the first of these, I have endogenous non-linear cobweb models in which the supply and/or demand curve are non-linear. The resulting transition functions are chaotic maps having either one turning point or two . Several stability results have been established, which show chaotic oscillations as well as stable periodic cycles (see, Jensen and Urban [12] , Chiarella [2] , Day and Hanson [4] , Finkenstadt [7] , Hommes [8, 9] ). In the second, I find the linear cobweb model taking account of upper bound for variations of output. The upper bound prevents the price (or quantity) dynamics from explosive oscillations. The resulting one-dimensional control map is similar to an expansive tent map (i.e., its slopes are steeper than unity in absolute value) . Consequently, it can be shown that the linear cobweb model with upper bound generates not only topological (Li-Yorke) chaos but also ergodic chaos (see Cugno and Montrucchio [1] , Nusse and Hommes [15] ). This model, however, has a possibility that almost all trajectories escape from an economically meaningful region for some parameter constellations . In such a case, trajectories are unbounded and thus it is unable to track the price-quantity evolution . The study extends the second approach. Returning to the original spirits of "flexible constraints" in Day [3] , it constructs the linear cobweb model augmented with the lower bound for variations of output as well as the upper bound. Its purpose is to detect the relationship between the output constraints and the dynamics of the model. In particular , by presenting numerical examples, it demonstrates that the modified cobweb model can generate a wide spectrum of dynamic behavior ranging from stable periodic cycles to ergodic chaos .
This study is organized as follows. Section 2 constructs the linear cobweb model with upper and lower bounds for output variations. Section 3 simulates the model . Section 4 makes concluding remarks. However, the regular cycles are unlike the irregura nature of the actual cycles. Thus such a simple cobweb model has difficulties to explain erratic movements observed in statistical data of agricultural goods. In Figures 1(a) and (b), it is seen that agricultural prices behave fairly volatile. To overcome those difficulties, Cugno and Montrucchio [1] , who retain the linear specifications of supply and demand, modify the simple cobweb model by introducing the upper constraint on qt: 
where a maximizes QM and a minimizer Qm are calculated, respectively, as >1.3 Such a cautious response of a firm is pointed out by Huang [10] . Figure  4 ; ƒ¿=1 ƒÀ=0.25, in Figure  5 .
Symmetric case
T he first simulation is shown in Figure  3 ) is an interior point of A0 or Al, is a both-constrained cycle as it satisfies (1+ƒ¿)qt=f(qt) and
(1-ƒÀ)f(qt)=qt. In Figure  3( Figure  4 and is performed under the asymmetric constraints condition (1+ƒ¿)(1-ƒÀ)<1. As seen in Figure  1( 6 See Huang [10] and Matsumoto [14] .
on a tilted z-shape: As seen in Figure  1( Figure 5 suggests the following bifurcation scenario. If bd is increased from unity, the trajectory is under the influence of the asymmetric tent map. The equilibrium point bifurcates to stable period-2 cycles, noisy chaos with 22 intervals, 2 intervals, and 1 interval (i.e., truly chaos). If bd is further increased from (bd)u, Qmin becomes less than Q. Then the dynamic system is switched from (5) to a restriction of f(qt) to a trapping interval U2:=[Qmin, Qmax] having two kinked points, QM and Qm. The tilted z-shaped restricted map governs the quantity evolution and, according to Figure 5 , generates aperiodic fluctuations.
Concluding Remarks
This study investigates the dynamic structure of the linear cobweb model with upper and lower bounds for variations on output. Simulating the model under different values of bd, I have demonstrated that the modified cobweb model may generate chaotic behavior if the output constraints are asymmetric and that it can generate stable period-2 cycle whose amplitudes depend on the prevailing parameter constellations (i.e., choice of initial point, values of bd, etc.) if the output constraints are symmetric. Although the bifurcation diagrams in asymmetric cases imply the chaotic behavior, the bifurcation scenario to chaos is different according to whether the constraints are upper or lower asymmetric. In the lower symmetric case, the modified cobweb model generates persistent and aperiodic cycles for any values of bd greater than unity. The control system (i.e., a restriction of f(q) to a trapping interval) switches from a expansive map to a tilted z-shaped map as bd is increased. In consequence, chaos with two intervals and then truly chaos appear as bd exceeds unity. Noisy chaos with 5 intervals appears if bd is further increased. On the other hand, in the upper asymmetric case, the control system switches form a asymmetric tend map to a tilted z-shaped map. A road to chaos in the upper symmetric case is different form on in the lower symmetric case. As bd is increased from unity, the quantity dynamics (as well as the price dynamics) move from stable period-2 cycle, to noisy chaos with 22 intervals, to chaos with 2 intervals and then to truly chaos (i.e., chaos with 1 interval), the last of which shrinks to zero as bd goes to infinity.
What implications do the simulations have for the cobweb model with the upper and lower bounds.
bd>1 is necessary for generations of chaos in the asymmetric case. Here b is the marginal propensity to consume which is the decision variables of the demand side while d is the marginal product with respect to price which is the decision variable of the supply side. Thus it can be stated that one source of such complex dynamics involving chaos is an interaction between the consumers and the producers.
Furthermore, since the marginal propensity to consume is expected to satisfy condition 0<b<1, bd>1 requires the strong production response to a change in price (i.e., the large value of b). The simulations, therefore, imply that the agricultural economy with the strong production response may exhibit erratic dynamics of the price and the agricultural goods.
